Introduction
A realistic magnetic field model must satisfy a number of criteria for it to be valid and/or useful. A practical consideration is that it must be easy to implement, but still be flexible enough to reflect seasonal, diurnal, and local time variations.
The residual error between the observed vector magnetic field values and the model values should be small. Also, the model field must be divergenceless. A more subtle constraint is that the magnetic stresses of the model must be self-consistent with the distribution of mechanical forces in the magnetosphere. Specifically, during magnetically quiet intervals when the magnetohydrostatic equilibrium condition is approached, the magnetic stresses should be balanced predominantly by the plasma pressure gradients. An ideal magnetic field model would contain magnetospheric currents consistent with in situ data from both plasma and field experiments, rather than explicitly specified tail, ring, and magnetopause currents fit by field data alone [Voigt, 1981] . In virtually all empirical models to date, this constraint has not been imposed. Walker and Southwood [1982] showed that in many models the Maxwell stresses cannot balance an isotropic plasma pressure. Because of the failure of these models to be in pressure balance with an isotropic plasma, some contend (c.f. Voigt [1986] ) that such semiempirical models are theoretically unsatisfactory. TU chose analytic formula to represent the separate magnetic field contributions of the internal field, the ring current, the cross-magnetotail current, and the magnetopause current. The internal field is represented by the harmonic expansion of the earth's internal field. The model ring current is an axially symmetric torus of westward directed current oriented with its normal parallel to the dipole magnetic moment. The cross-magnetotail current flows in a sheet across the tail; the current sheet has a finite thickness, varies in shape and magnitude along the tail axis, and merges with the ring current in the nearmagnetotail region. An empirical neutral sheet model is used to account for dipole tilt effects.
Unlike the ring current and magnetotail current systems, the magnetopause shape is not easily determined and the current distribution is complex. TU chose to represent the field of the magnetopause currents by nonlinear power s,eries. Since the representation is not curlfree interior to the boundary, it accounts not only for the magnetopause currents, but also for any errors introduced by the ring and tail current representations as well as any remaining magnetospheric currents. The superposition of the three aformentioned external current systems and the internal field yields the full model magnetic field. Relationships among the model parameters guarantee a divergenceless magnetic field.
The empirical magnetic field models were fit to nearly 19,000 in situ vector field averages from the merged IMP and HEOS data sets. TU separated the data into 11 subsets according to the Kp index. TU fit the model parameters to the data sets by an iterative minimization technique, creating models representative of geomagnetic conditions ranging from very quiet (Kp = 0) to disturbed (Kp > 3 +). The TU models should be used in regions where few data were available to constrain the fitting of the model parameters. Owing to magnetometer saturation and orbital bias of the IMP and HEOS spacecraft, $73 relatively little data were available inside of about 6RE and at magnetic latitudes greater than about 76 ø, or outside of about 20RE at distances near to or beyond the spacecraft apogees. We have resti:icted our analysis to areas that are within well-constrained regions.
Momentum Balance in the Magnetohydrostatic Limit
The large scale structure of the magnetosphere can be described by using Maxwell's equations and the magnetohydrodynamic (MHD) equations, so we use these equations to determine the self-consistent plasma parameters for a specified field configuration. The MHD momentum equation is given by dv = -V.P + J x B + pcE + pg (1) P dt where p is the mass density, v is the bulk flow velocity, P is the plasma pressure tensor, J is the current density, B is the magnetic field, pc is the charge density, E is the electric field, and g is the gravitational acceleration. In our study, the electrical and gravitational forces are negligible compared with the other terms.
Since we are primarily interested in the field at quiet times, this allows further simplification of equation (1 investigated the quiet time plasma sheet anisotropies of protons using the IMP 6 and IMP 8 spacecraft. In the region of our calculations, they found that the anisotropies differed from unity by less than the probable error in the measurement. Thus, they established that in the nearearth plasma sheet, the particle population carrying the bulk of the energy density is essentially isotropic. Figure   lb demonstrates that the TU model is consistent with a pressure anisotropy differing from unity by less than 2%.
We would also like to compare the calculated and observed pressure gradients. Unfortunately, there have been no systematic statistical surveys of the plasma pressure in the regions of interest. There have been few spacecraft that measure enough of the proton distribution in the near-tail vicinity to yield the plasma pressure accurately. Recently, the AMPTE/CCE spacecraft has filled in the gap for the region of the ring current and inner magnetosphere. We can compare our results with CCE data to 8.SRE, the spacecraft apogee.
Unfortunately, the published CCE data available for comparison were obtained during relatively active periods. Therefore, we have compared the observations with the results of our calculations for the most disturbed TU model (Kp > 3+). As noted before, the errors are larger for the most disturbed TU models, but even so the local value of percent e(a) is everywhere smaller than 60% and the average percent error is always less than 30%. model with the pressure distribution determined by the CHEM instrument on AMPTE/CCE. Note that our pressure represents an averaged distribution while the CHEM pressure, derived from ions with energies between 5.2 and 315keV/e, is from a single pass through the region. Furthermore. our calculations are for the midnight meridian whereas the CHEM data were gathered on an orbit that started nearer to dawn and ended near midnight. Although the pressure magnitudes differ considerably, the gradients are similar especially inside of 7.SRE. We have noted above that the pressure gradient and not the absolute magnitude of the pressure is important for a nearly isotropic plasma. Our calculations determine the total self-consistent plasma pressure whereas the measured pressure is only a lower bound. It may be significant that the magnitude of the measured pressure fails off with distance faster than does the model pressure. As the spacecraft moves to greater radial distance, the peak of the proton distribution shifts to lower energy and a larger portion of the distribution lies below the lowest energy measured by CHEM. Thus, at greater distances the pressure measured by CHEM represents a smaller fraction of the total plasma pressure. In view of the limitations of the data and the doubtful accuracy of a statistical model for a disturbed magnetosphere, we find the correspondences between model and observation to be quite good.
We look forward to obtaining complete quiet time data that will provide better tests.
Summary
We have developed a technique of "inverting" an empirical magnetic field model to determine the self-consistent plasma properties. The technique has been applied to a set of recently developed terrestrial magnetic field models. We regard the agreement between model plasma parameters and the limited data available as satisfactory. Given the initial success of the method, we suggest that the predictions of our calculations be further tested and that the technique be applied to other magnetic field models, either observed or theoretical, to aid in understanding the interactions of field and plasma in an equilibrium magnetosphere.
